Abstract: Anionic clays are structures capable of adsorbing large quantities of water and other polar molecules in aqueous medium due to an ordered lamellar arrangement. Generally, the most stable composition contains magnesium and aluminum hydroxides, but other trivalent metal cations with similar ionic radii may also be inserted in co-substitution to the aluminum cation, targeting changes in the specificities of the adsorbed molecules, such as the chromium (III) one. The main objective of this work was to investigate the thermal stability of the carbonated magnesium-aluminum hydrotalcite when different amount of aluminium (III) cation is replaced by chromium (III) one. For that purposes, the hydrotalcite samples were obtained through the coprecipitation method at pH 11, followed by ageing stage at 80 °C, washing and drying at 100 °C for 24 h. The results obtained by thermal analysis, FTIR spectroscopy, and Xray diffractometry techniques have permitted to conclude that chromium insertion leads to turbostratic disorder along the c-axis, which affects also the thermal stability and crystallinity of the precipitated materials. The chromium-based hydrotalcites showed to be more easily dehydrated at lower temperatures, with dependence predominantly kinetic, which leads to significant volume contraction and the hindering of the subsequent dehydroxylation stage at higher temperatures.
INTRODUCTION
The hydrotalcite compounds are anionic clays material type with lamellar double hydroxide structure containing Pearson's hard acid, such as Mg +2 , Zn +2 or Co +2 , co-substituted by trivalent ones, such as Al +3 , Cr +3 or Fe
+3
, in order to generate an excess of stable positive charges in the lamellae. That charge imbalance is neutralized by adsorption of several interlamellar species, like the carbonate ion CO 3 -2 [1] [2] [3] . In general, the carbonated structures of magnesium and aluminum hydrotalcites have the composition described nominally by Mg
+2
(1-
x (OH -) 2 (CO 3 -2 ) x/2 .yH 2 O, where the value of x must be between 0.67 and 0.8, so that the structure exhibits a minimum of thermal stability [4] [5] [6] [7] [8] .
The carbonated hydrotalcites of magnesium and aluminum crystallizes as a rhombohedral structure R-3m, in a complex cross-linked bond structure, where the lamellae octahedrons are shared by its vertices in two-dimension. The tridimensional structure emerges when interlamellar species, like water and carbonate ions form bridge bonds among the lamellae in c-axis direction, give it a long range ordering [9] [10] [11] [12] [13] .
Nevertheless, that common hydrotalcite composition based on magnesium and aluminum can be modified very precisely both in their cationic and anionic sites. In general, the trivalent transition metal cations can be inserted in co-replacement to aluminum III, such as chromium III, iron III and scandium III. That substitution approach keeps unaltered the positive charges excess on the lamellae, but can changes the crystallinity, the adsorptive characteristics, and the thermal stability for dehydration, dehydroxylation, and decarbonation processes [14] [15] [16] [17] [18] [19] [20] .
Hydrotalcite-like compounds are applied as numerous biomedical applications, such as cosmetics, biosensing, and gene or drug deliveries. Hydrotalcite nanoparticles have been successfully applied for the delivery of anticancer drugs in tumor cells and the distribution of hydrotalcite nanoparticles in several human organs, as liver, kidney and spleen, well as in lung at slight occurrence was also investigated. Hydrotalcite nanoparticles toxicity was found to be lower than other inorganic nanoparticles and showed also no accumulative behavior due the easy dissolution in body fluid in dosages typically used for biomedical applications. Nevertheless, there is a strong dependence of the composition and average particle size, which makes the proposition and investigation of new compositions for hydrotalcite structures an important step before their use as drug delivery [21] [22] [23] .
Taking into account the chemistry of solution for synthesizing the hydrotalcite samples by coprecipitation method, it is possible to observe the several hydrate transition metal cations affect the homogenization and the crystallization process due the consistent difference among the solubility products for their isolated hydroxide precipitates. Some of them can be very difficult to obtain, like the chromium modified ones, due the high stability of hexahydrate chromium (III) complex. Thus, a digestion step is often carried out after the precipitation in order to promote a structural homogenization [24] [25] [26] [27] [28] . In spite of that characteristic, new compositions can be good catalysts or ion exchanger material in various fields, mainly in environmental sciences [29] [30] [31] [32] [33] [34] .
It was previously demonstrated that carbonated magnesium aluminum hydrotalcites can be satisfactorily structured as nanoparticles by replacing the aluminum cation by chromium trivalent one and was also proved its ability to incorporate organic and inorganic anions through ion exchange or hydrothermal treatment. However, some of the physic-chemical properties for trivalent chromium hexahydrate cations harms the ordering process and low crystalline structures were found for chromiumbased double hydroxide compositions due the higher mismatch along the perpendicular direction of the lamellae planes [33, 34] . Under the viewpoint of the biomedical applications, it was also demonstrated the cell membrane cannot uptake species with chromium (III), like the aquocomplexes or other metalocompound with chromium(III) and so toxicity of the chromium(III)-containing materials was not observed [35] .
In order to investigate some aspects of chromium (III) modified hydrotalcites, like the dehydration, dehydroxylation, and decarbonation processes, and to understand some effects on the crystallinity and thermal stability of the samples, three compositions of carbonated hydrotalcite of magnesium and aluminum co-substituted with chromium (III) were prepared through the hydroxide precipitation method at pH 11. Besides that, the batches of hydroxidecarbonate mixed precipitating anions were prepared by simultaneous dissolution of sodium hydroxide NaOH and sodium carbonate Na 2 CO 3 with distilled water and at room temperature too. The content of each cation-anion solution pair flask was poured on a third one in order to promote the co-precipitation of each hydrotalcite sample under vigorous stirring, yielding very stable suspension. The molar cation ratio was controlled by x value, set as 0, 0. In order to purify the precipitate samples, each precipitate was filtered several times with distilled water until the waste water reaches neutral pH. Then, the washed precipitate was dried at 85 °C for 24 hours in a drying oven, slightly crushed in a porcelain mortar, re-dried again at 100 °C for 24 hours and lead to the characterization by Thermal Analysis (simultaneous TG/DSC) in Netszch -Thermische Analyze equipment (TASC 414/2 controller and Pt 10 thermocouple), heated at 10 ºC min -1 under synthetic air flow of 30 cc min -1 .
MATERIAL AND METHODS

All
The sample materials were characterized by Xray diffraction in Siemens D5005equipment (K-alphaCu), where the observed reflections were identified through JCPDS database [36] . Finally, the samples were observed through Fourier Transform Infrared Spectrometry (FTIR) in Nexus 650 Thermo Nicolet equipped with photoacoustic detector, where the main functional groups were identified according the literature [37] .
RESULTS AND DISCUSSION
The weight losses (TG) of each thermal event followed by their first derivative (DTG) and calorimetric (DSC) curves were used to determine several parameters associated to the drying, dehydration, dehydroxylation and decarbonation processes occurring in each hydrotalcite precipitate sample dried at 100 ºC for 24 hours. Those results are compiled in Table 1 and the original curves are shown in Figure 1 .
Based on the DTG peaks it was proposed a set of temperature range taking into account the subsequent decomposition processes. The dehydration seems to occur in two stages (I and II), probably due the energetic differences between external and interlamelar adsorbed water molecules. However, with the chromium content increasing, the external water is 100 % higher for HTM7A1C2 sample (14.4 %) if compared to HTM7A3C0 one (7.7 %), while an inverse behavior is observed for interlamelar water (II). These aspects can be observed by the flattening of DTG and DSC curves in that temperature range, mainly up to 250 ºC. The chromium insertion seems to displace the drying process to lower temperatures, below 100 ºC, which permits to concludes the drying process has a kinetic character [38] and was not finalized during the drying stage at 100 ºC for 24 hours.
The dehydroxylation stages (III and IV) present opposite behavior if compared to I and II ones, because the second stage dehydroxylation (IV) becomes wider and more pronounced as a function of the chromium content increasing, overlapping the stage III. It is very probable the dehydration stages at lower temperatures (I and II) have strong correlation with dehydroxylation ones (III and IV).
Thus, during the dehydration process, the lamellae are sintered through the formation of crosslinked bonds, hindering the dehydroxylation, because the large amount of hydroxyl groups becomes interlamelar. In fact, during the sample preparation, a pronounced volume contraction in dehydration stage at 100 ºC has been often observed for chromiumbased hydrotalcites. In addition, that volume contraction seems to be correlated with carbonate amount, because a less carbonated hydrotalcite has less anchorage between the lamellas. FTIR spectra can aid to understand the influences observed in thermal analysis and are shown in Figure 2 . The bands at 3500 cm -1 (I) and at 3000 cm -1 (II) are related to the stretching vibration of -OH groups from interlayer water and metal hydroxides, respectively. In spite of the appearing the CO 2 band at 2350 cm -1 (III) and the set of bands at 1650 cm -1 (IV), at 1540 cm -1 (V), and at 1360 cm -1 (VI) refers to vibration of interlayer hydrated carbonate ions, mainly the VI band, which sharper band is related to carbonate anions electrostatically to in the interlayer space due larger amount of water interlayer acting as solvent [30] .
The hydroxide layer structure give origin to other set of bands signaled as VIII, which is related to the M1-O-M2 vibration modes, strongly influenced by global crystal structure. Thus, chromium-based hydrotalcites seems to have a less ordered layerinterlayer structure due less intense bands and the strong overlapping of the bands at lower wavelength (VIII), which are directly related to the crystalline ordering, as can be view also by X-ray diffraction patterns for these samples (Figure 3) . In spite of the X-ray diffraction patterns for all samples to be related to LDH structure with R-3m rhombohedral symmetry, according JCPDS card number 89-5434 and no residual nitratine NaNO 3 phase (JCPDS card number 89-2828) was found, which implicates the washing stage was successfully carried out for all of the samples. It is possible the occurrence of another structure based on magnesiumchromium hydroxide carbonate, maybe with low crystallinity, like the stichtita Mg 0.75 Cr 0.25 (CO 3 ) 0.125 (OH) 2 (H 2 O) 0.5 , which possess also a R-3m rhombohedral symmetry, according JCPDS card number 45-1475. The carbonated magnesium-aluminum hydrotalcite has all of the Xray diffraction peaks matching with the magnesiumchromium hydroxide carbonate stichtita ones, so that it is not possible to differentiate them in this case.
Regardless of whether the secondary phase of stichtita is present or not in samples containing chromium, there are clear differences in the crystallinity among the samples as a function of chromium content, corroborating the results observed by FTIR spectra. All of the (h k l) reflections for R3m rhombohedral hydrotalcite undergo the intensity decreasing for chromium-based compositions, if compared to no chromium modified sample HTM7A3C0. However, between HTM7A2C1 and HTM7A1C2 samples, no significant decreasing in (h k l) reflections can be observed. By considering only the (0 0 l) reflections, such as the (0 0 3) and (0 0 6) ones, at 12 and 22 º(2-theta) degrees, respectively, then the effect of chromium insertion on the c-axis ordering can be understood, because the observed decreasing for these (0 0 l) reflections are more pronounced than (1 k l) ones, related to a,b axes.
Taking into account these results obtained by x-ray diffraction, which are corroborated by FTIR spectra and thermal analysis, it is possible to infer the c-axis reflections undergo turbostratic disorder, leading to the layers disorientation about the c axis, as well described in previous work [34] . In Figure 4 is shown an illustration to help understand that turbostratic disorder in terms of layers arrangement along the c-axis, which is changed as a function of the chromium content. Maybe, the lower amount of carbonate interlayer is the cause for that behavior, which seems to be dependent of chromium content. That behavior seems to be present even in the drying stage carried out at 100 ºC for 24 hours.
CONCLUSION
Carbonated magnesium-aluminum hydrotalcites were synthesized through the coprecipitation method at pH 1, followed by ageing at 80 ºC for 6 hours. All of the samples were fully characterized by thermal analysis, FTIR spectroscopy and X-ray diffractometry techniques, which have permitted to conclude that chromium insertion leads to turbostratic disorder along the c-axis, with severe consequences for the thermal stability and crystallinity. Less carbonated structure was found for chromium-based hydrotalcites, which eases the dehydration stage, leading to accentuated volume contraction and the hindering of the subsequent dehydroxylation stage at higher temperatures. Thus, as consequence, the dehydroxylation is hindered and the material becomes structurally more stable, which makes a potential drug delivery, mainly taking into account the acidic characteristics for several molecules.
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